Abstract. The prevalence of antibody to hepatitis C virus (anti-HCV) was determined in a cross-sectional survey in a village in Upper Egypt. Exposure and demographic characteristics were obtained through a questionnaire. Antibody to hepatitis C virus was assessed using a second generation enzyme immunoassay, and the presence of HCV RNA was tested using a reverse transcriptaseϪpolymerase chain reaction. Collection of blood samples was targeted at those Ն 5 years old, and obtained from 62.8%. This report describes the community, the HCV infection characteristics of the subjects, and evaluates some factors associated with presence of anti-HCV. Of the 6,031 participants, 522 (8.7%) were anti-HCV positive. Prevalence was higher among males than females (11.3% versus 6.5%; P Ͻ 0.001). It was greater among those Ͼ 30 years of age than among those Յ 30 years of age (20.0% versus 3.6%; P Ͻ 0.001). Those who were less educated, farmed, provided health care, and were currently married had a significantly higher anti-HCV prevalence than those who were not; however, these associations were not significant after adjusting for age. Although active infections with Schistosoma haematobium were not associated with anti-HCV, a history of past infection was (age-adjusted risk ratio [RR] ϭ 2.1, 95% confidence interval [CI] ϭ 1.8, 2.4); 134 persons who had a history of receiving parenteral anti-schistosomal therapy had a higher age-adjusted RR (3.0; 95% CI ϭ 2.5, 3.7) for anti-HCV than those who did not. Hepatitis C virus RNA was detected in 62.8% of the anti-HCV positive subjects, without significant variation by age, gender, education, or marital status. The prevalence of anti-HCV in Upper Egypt is high, albeit lower than in Lower Egypt, with continuing but limited transmission indicated by the lower prevalence in residents Յ 30 years old.
INTRODUCTION
Recent investigations in Egypt have reported a strikingly high prevalence of antibodies to hepatitis C virus (anti-HCV) among blood donors, [1] [2] [3] [4] [5] patients with exposure to blood products 4, 5 or with chronic liver disease, [4] [5] [6] and subjects participating in rural community surveys. 4, 7 Antibody prevalence in blood donors ranged from 6% to 38% and averaged approximately 15%. [1] [2] [3] [4] [5] In an investigation of 2,644 blood donors from 26 Egyptian governorates, those with the highest seroprevalence were located in the central and northeastern Nile Delta and the Nile valley immediately south of Cairo. 8 The high prevalence in the general Egyptian population suggests a difference in the transmission and natural history of HCV in Egypt compared with the United States and Europe and other developed and developing countries.
The purpose of this report is to describe the demographic characteristics and base-line prevalence of anti-HCV and HCV infection in a rural upper Egyptian community of approximately 11,000 inhabitants in which prospective investigations of risk factors for HCV infection and the natural history of HCV in the community are being performed.
MATERIALS AND METHODS
Community sample and study design. The study community was selected from among rural villages in Assiut governorate because it provided 1) convenient access to Assiut University Hospital, 2) cooperative village inhabitants, and 3) known local transmission of schistosomiasis, which was to be evaluated as an independent variable for HCV transmission. The community is located 15 km north of the city of Assiut and 375 km south of Cairo (Figure 1) , and is composed of a mother village and a small satellite. A houseto-house census of the entire village was performed by field teams during the preparatory phase, identifying and characterizing all residents: 11,227 individuals were living in 1,747 households. A household was defined as a unit sharing expenses, particularly food, and eating from a common pot, although not necessarily together.
Consent procedure and participation. The Institutional Review Boards at both the University of Maryland-Baltimore and Assiut University reviewed and approved the research protocol and consent forms. Informed consent was obtained from all adult participants and from parents of participating minors.
All inhabitants five years of age or older in participating households were invited to participate and provide a blood sample. Some children less than five were also included if the parents indicated interest and gave consent; 86.7% of the households agreed to participate in the study. Questionnaire data and blood samples were obtained from 6,012 (62.8%) of the 9,581 village inhabitants five years of age or older and from 19 of 1,646 children less than five years old. Among those five years of age and older, the response among males (55.5%) was lower than that among females (70.4%). The primary reasons for not participating were 1) absence on each visit by the survey team, 1,376 (14.4%), 2) refusal to participate, 169 (1.8%), and 3) refusal to give a blood sample, 2,014 (21.0%).
Questionnaire and historical data. Questionnaires designed by a team of sociologists, epidemiologists, and clinicians familiar with modes of transmission of HCV and local customs were administered by trained survey teams. These questionnaires recorded data for sociodemographic characteristics, past and present medical histories, and potential risk factors for exposure to HCV. Adults and children greater than 10 years of age were interviewed themselves, and usually the female head of the household provided information for children younger than 10 years of age. Education was categorized as no school, informal education (limited religious and traditional instruction by a village elder), school (having attended any amount of primary or secondary school), and university (having attended for any amount of time).
Laboratory methods. Hepatitis serology. Sera were separated, aliquoted, and labeled within 6 hr of collection, and stored at Ϫ70ЊC until testing. Serum samples from all subjects were tested for anti-HCV using a second generation enzyme immunoassay (EIA) with recombinant HCV antigen bound to beads as the solid phase (Abbott HCV EIA 2.0; Abbott Laboratories, North Chicago, IL). All steps were performed according to the manufacturer's instructions. Sera from 514 of the 523 with positive test results for anti-HCV were tested for HCV-RNA, which was amplified directly without isolation of RNA, using a one-step reverse transcriptionϪpolymerase chain reaction (RT-PCR) as described by Abdel Hamid and others. 9 The primers of the RT-PCR are directed at the highly conserved region 5Ј-untranslated region (UTR) of the HCV genome. 10 The cDNA fragment of the nested reaction was 231 basepairs (bp). The outer fragment flanked by the outer primers was 301 bp. All PCR testing were performed using a 96-plate format and a 9700 thermocycler (Perkin Elmer, Norwalk, CT). The RT-PCR amplicon was visualized by electrophoresis on a 2% agarose gel and staining with ethidium bromide.
Parasitologic examination. Parasitologic examination for Schistosoma haematobium was performed for the 4,814 individuals who provided urine samples. The remaining individuals either failed or refused to give urine samples at time of examination. Nuclepore (Pleasanton, CA) filtration was used to quantify the ova in 10 ml of urine as described by Peters and others. 11 Statistical analysis. All data were entered into a Microsoft (Redmond, WA) Access database (Arabic version 97). Duplicate data entry was performed to ensure quality control. Data analysis was performed with a statistical package for personal computer (version 9; SPSS, Inc., Chicago, IL) using comparisons of means (Student's t-test) and proportions (chi-square test) when appropriate. Risk ratios (RRs) with 95% confidence intervals (CIs) were calculated to assess associations with anti-HCV positivity. Chi-square tests for trend were used to assess significance of trends for seropositivity across ordinal variables. Weighted Mantel-Haenszel RRs were used to adjust for age, using five-year strata. Age-and gender-adjustment of anti-HCV prevalence was based on the original census distributions for those five years and older in the entire village.
RESULTS

Comparison between participants and nonparticipants.
The mean age of participants five years and older was 25.1 years, and 54.9% were female (Table 1) . Participants were more likely than nonparticipants to be female, participating males were younger than nonparticipating males, and participants had a slightly higher level of education than nonparticipants. Among those who were of legal age of marriage in Egypt, a slightly higher proportion of participants than nonparticipants were married (Table 1) .
Seroprevalence by age and gender. The overall anti-HCV prevalence was 8.7% (95% CI ϭ 8.0-9.5), with a higher (P Ͻ 0.001) prevalence among males than females, 11.3% and 6.5%, respectively (Table 2 ). There was a substantial trend of increasing anti-HCV prevalence with age, with a marked increase in the fourth decade ( Figure 2 ). Among those older than 30 years of age, males were more likely (P Ͻ 0.001) to be anti-HCV positive (28.4%) than females (13.6%); however, no gender difference was detected for anti-HCV prevalence among participants 30 years of age or younger (4.0% and 3.2%, respectively). The age-and gender-adjusted prevalence for the community was 9.2%.
Seroprevalence by education and occupation. Anti-HCV prevalence was similar in adults who had no formal education (14.1%) and in those who had attended any type of school (14.4%). Those who had any education beyond high school had a seroprevalence of only 8.0%. Those who said they were farming were more likely (P Ͻ 0.001) to be anti-HCV positive than those who denied working in the fields. However, when adjusted for age and gender this difference was not significant. The 14 who worked in health FIGURE 2. Anti-hepatitis C virus (HCV) seroprevalence by age and gender in the study community. care were not more likely to be anti-HCV positive than their neighbors. Marital status. Marital status was associated with anti-HCV status (Table 2) . Those who were married had a higher (P Ͻ 0.001) anti-HCV prevalence (15.4%) than those who were not (5.4%). However, the association was not significant after adjusting for age among those between 15 and 35 years old, with a Mantel-Haenszel RR of 1.02 (95% CI ϭ 0.70-1.48). Age-adjustment was limited to this age group because there were very few unmarried individuals older than 35 years.
Relationship between HCV and schistosomiasis. The association of anti-HCV status with active schistosomiasis, self-reported history of prior schistosomal infection, and history of injection therapy for schistosomiasis was assessed. Schistosoma haematobium ova were detected in the urine of 196 (4.1%) of the 4,792 study subjects who provided urine samples, with a higher (P Ͻ 0.001) prevalence among males (9.5%) than females (2.3%); 1,576 (26.1%) individuals reported having had laboratory confirmed schistosomiasis infection in the past. A history of injection therapy for schistosomiasis was reported by 134 (2.2% of all participants and 13.2% of anti-HCV positive participants). Active schistosomal infection was not associated with anti-HCV status: the risk ratio for anti-HCV in those with ova in their urine compared with those without active S. haematobium infections was 0.8 (95% CI ϭ 0.5-1.4) ( Table 3) . Anti-HCV positivity was significantly associated with both a history of schistosomiasis and prior therapy with anti-schistosomal injection therapy. These relationships remained significant after adjusting for age. This adjustment is particularly important for exposure to parenteral therapy since only those older than 30 years were at risk (age adjusted RR ϭ 2.9, 95% CI ϭ 2.4-3.6).
HCV PCR. We tested 513 of the 522 who had anti-HCV for the presence of HCV RNA; 323 (62.8%) of them tested positive in the RT-PCR, without significant variation by age, gender, education, or marital status. Among anti-HCV-posi-tive subjects who both submitted urine samples and had serum tested for HCV RNA, the proportion with active S. haematobium infections was not different (P ϭ 0.62) between those who were HCV RNA positive (8 of 252, 3.2%) and those who were HCV RNA negative (6 of 145, 4.1%).
DISCUSSION
Although very high for most other areas of the world, the prevalence of anti-HCV in our community is consistent with other studies that showed the prevalence in rural communities in Upper Egypt was approximately 10%, which was much lower than in inhabitants of villages in Lower Egypt. 4, 7, 8, 12, 13 Among the reasons for this geographic variation in prevalence of HCV infection in Egypt may be the difference in the intensity and duration of intravenous tartar emetic schistosomiasis control programs in Upper and Lower Egypt, with the programs in Lower Egypt affecting a larger proportion of the population over a longer period of time and administering a greater number of doses. These control programs are believed to have infected a large proportion of the exposed population with HCV from the 1950s until the early 1980s, establishing a large reservoir of infection in adults in rural Egyptian communities. In Upper Egypt where S. haematobium is endemic, parenteral treatment campaigns for schistosomiasis were used less intensely and started later and discontinued earlier. 13 Our data support this hypothesis. Males, who more frequently have schistosomiasis than females, [14] [15] [16] [17] and those more than 30 years of age who had risk of exposure to parenteral antischistosomal therapy, 13 had much higher anti-HCV infection rates than females and those 30 years of age and younger, respectively. The gender difference in anti-HCV prevalence being present only in adults more than 30 years of age further supports this, as does the finding that active S. haematobium infections did not increase the risk for anti-HCV or for HCV RNA. However, a history of schistosomiasis increased the risk by 2.5-fold, and those who reported a history of therapy for schistosomiasis were almost three times as likely to have anti-HCV than those who did not.
There was a trend for those who were less educated, farmed, married, or provided health care to more likely be anti-HCV positive than those who did not meet these criteria. However, when adjusted for age and gender, none of these variables were significantly associated with anti-HCV status. If, following more extensive analysis, marriage proves to be a risk for HCV infection, it does not necessarily have to be entirely due to sexual exposures since married couples have frequent common exposures, other than sexual, which could transmit HCV.
The HCV RNA prevalence of 62.8% among our subjects having anti-HCV is lower than the 80Ϫ85% commonly referred to in the literature. 18 However, this level is consistent with a previous report demonstrating HCV RNA among 62.5% of ELISA-positive Egyptian blood donors. 1 There are several potential reasons for this: among these are differences in subject population and reduced sensitivity of the RT-PCR method used for detecting genotype four strains (the predominant genotype in Egypt) or for detecting lower levels of viremia. 9 Most reports of a higher prevalence of HCV RNA among anti-HCV positive individuals were from subjects reporting previous blood transfusions or intravenous drug use, or were among patients with liver disease. [19] [20] [21] As was recently pointed out by Kenny-Walsh in a report of women infected from HCV-contaminated anti-D immune globulin, those with less intensive exposures to HCV may have a lower prevalence of chronic infection. 22 Only 55% of these women who were anti-HCV positive were also HCV RNA positive. An additional possibility is that the sera were not adequately processed, handled, and stored and had lost some of their RNA activity. This is unlikely. Blood was centrifuged and the sera were separated into five aliquots within 6 hr of venipuncture. It was kept frozen at Ϫ70ЊC in Assiut until it was transported in a truck with a freezer locker (ice cream transporter) to Shibin El Kom where it was placed in a Ϫ80ЊC freezer in the Liver Institute until individual aliquots were thawed for RT-PCR testing.
Subjects who chose to participate were different from those who declined in some characteristics, most notably gender, age, and educational background. Participants were more likely to be female and participating males were slightly younger than non-participating males. However, the age and gender adjusted prevalence of anti-HCV (9.2%) is not substantively different from the unadjusted prevalence (8.7%), and there was no evidence for confounding by educational background after adjusting for age. We have no reason to believe this village is substantially different from others in the area, and the prevalence of anti-HCV is consistent with that of other studies. 8 Herein, we have described the baseline cross-section prevalence of anti-HCV and HCV-RNA in 6,031 inhabitants of a village in Upper Egypt. The prevalence of anti-HCV in Upper Egypt is high, albeit lower than in Lower Egypt, with continuing but limited transmission. Subsequent assessments of risk factors for prevalent and incident infection and the natural history of HCV in the community are underway.
